
The effect of stocahstization of magnetic field to
the plasma flow is one of the crucial issue to understand
the mechanism of edge localized mode (ELM) suppres-
sion by magnetic perturbation in toroidal plasmas. This
is because the reduction of plasma flow (toroidal flow,
poloidal flow, and zonal flow) due to stocahstization of
magnetic field should have a strong impact both on MHD
stability and transport at the pedestal. The topolog-
ical bifurcation from nesting magnetic flux surface to
stochastic magnetic field (stochastization) has been ob-
served, when the magnetic shear at a rational surface be-
comes weak after the neutral beam direction is reversed
from co-injection to counter-injection in LHD. Because
the current diffusion time is longer than the duration of
the discharge, the edge rotational transform decreases
due to the non-inductive current driven by the neutral
beam, while the central rotational transform even in-
creases due to the return current after the reversal of the
neutral beam direction. As the magnetic shear decreases,
the formation of a magnetic island or stochastic region
starts to develop and their size increases as the mag-
netic shear decreases. Since the stochastization needs
the overlapping of a secondary magnetic island with a
different mode number, the bifurcation to the stochas-
tization is observed only when the magnetic shear is
medium s = 0.5 ∼ 0.6. As the magnetic shear decreases
further ( s < 0.4 ∼ 0.5 ), the fundamental magnetic is-
land grows and stochastization disappears (only the sin-
gle mode magnetic island appears)?). In the previous
experiment, the stochastization can be identified by the
fast radial propagation of heat pulse driven by modulated
electron cyclotron heating (MECH).

Figure 1 shows the time evolution of toroidal rota-
tion at the magnetic axis (R = 3.71m) and of the mag-
netic axis (R = 3.53m and 3.35m) in the discharge where
the direction of the NBI is switched from co-injection
to counter-injection at t = 5.3s. The toroidal rotation
changes its sign from positive (co-direction) to negative
(counter-direction) associated with the switch of the NBI
direction with the time scale momentum transport of
0.3sec. Although the counter-NBI is kept to be injected
until the end of the discharge (t = 5.3 - 7.3s), abrupt
decrease of toroidal rotation is observed at t = 6.0s,
which indicates the stochastization of magnetic field.
The damping of toroidal rotation due to the stochasitiza-
tion of magnetic field is much faster than the momentum
transport time scale. In the later time of the discharge,
the magnetic field shear decreases furthermore and the
second topology bifurcation from the stochastic magnetic
field to the nesting magnetic flux surface with magnetic

islands takes place at t =6.7s. Then the toroidal ro-
tation at the magnetic axis starts to recover. Figure
2 shows the radial profile of toroidal rotation velocity
and ion temperature before (t=5.64s) and after (t=6.44s)
the stochastization of magnetic field. The flattening of
profiles are observed both in the ion temperature and
toroidal rotation. The radial profile of toroidal rotation
is much more peaked than that of ion temperature be-
cause of the toroidal viscosity which increases sharply
towards the plasma edge in LHD. It should be also noted
that the ion temperature profile is slightly peaked at the
plasma center, which is in contrast to that the electron
temperature profile shows complete flattening.

Fig. 1: (a) Time evolution of toroidal rotation veloc-
ity in the discharge where the direction of the NBI is
switched from co-injection to counter-injection at t =
5.3s. The stochastization of magnetic field takes place
at t = 6.0s

Fig. 2: Radial profile of (a) toroidal rotation veloc-
ity and (b) ion temperature before (t=5.64s) and af-
ter (t=6.44s) the stochastization of magnetic field. The
three locations plotted in figure 1 are indicated with ar-
rows.
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It is a quite important issue to realize the high ion 
temperature plasma in fusion oriented plasma devices 
including the Large Helical Device (LHD). The study of 
high ion temperature plasma in core region is related to the
magnetic structure in core region, which have a large 
influence of plasma confinement. It has been considered that 
the magnetic topology is not only determined by the 
external coil but also plasma current [1, 2]. But the direct 
measurement of magnetic topology itself in plasma is not 
easy. We have been suggested the heat pulse propagation 
[3] method as a tool to measure the magnetic structure [4] in 
Large Helical Device (LHD). This method using the radial 
velocity of heat pulse can clearly indicate the stochastic 
field area or islands.

On LHD, the high ion temperature discharge is 
achieved after a carbon pellet injection into the plasma 
which is maintained by subsequent radial Neutral Beam 
Injection (NBI). At the high ion temperature discharge, the 
ion temperature radial profile often shows the flatting shape 
at the central region [5], and the flattening phenomena
prevents the higher ion temperature.

The power modulation electron cyclotron heating 
(MECH) was applied to the plasma sustained by neutral 
beam injection (NBI). The frequency of MECH is 30Hz. 
The power deposition point of 77GHz ECH is at reff = 
0.12m in fig.1. The MECH generates the heat pulse 
propagating outward, which is observed by ECE as 
fluctuation of electron temperature whose frequency is 30Hz. 
Fig. 1 shows the aspect of the heat propagation at ion 
temperature peaking discharge and flattening discharge. The 
peaking discharge is sustained by the co- and ctr- NBI, 
while the flattening discharge is sustained by only the co-
NBI. The plasma current of flattening discharge is twice of 
current of flattening discharge. Generally the maximum 
amplitude point of the heat pulses corresponds to the 
deposition point of ECH. In peaking discharge we can see 
the radial peak point at reff ~ 0.13m. It is considered that the 
heat pulse propagates outward radially, and the magnetic 
structure is nesting surfaces in the core region. The graph of 
delay time of heat pulse propagation, which corresponds to 
the propagation velocity, also shows the outward 
propagation in peaking discharge. In flattening discharge, 
there are the flattening region reff < 0.25m in both radial 
amplitude profile and the radial delay time profile, even 
though the MECH condition is same as one of peaking 
discharge. These experimental results indicate that the heat 
pulses propagate rapidly and the magnetic structure change 
to stochastic state. The carbon pellet was injected to these 
discharges, but it is confirmed that the injection is not a 
trigger of stochastization.

The ion temperature flattening area reff < 0.2m  
does not exactly match the stochastization area defined by 
heat pulse propagation analysis, as shown in fig. 2. The
mechanism is not still clear, but the transport characteristic 
in stochastization area is worse than one of nesting magnetic 
structure. We have to make high ion temperature discharge 
scenario avoiding the formation of stochastic magnetic field 
in core region.

Fig.1 Aspect of the heat propagation, comparing 
between the ion temperature peaking discharge and 
flattening discharge. Up: the amplitude of heat pulse 
(Amod) radial profile. Down: the delay time profile of 
the heat pulse.

Fig.2 The radial ion temperature profiles. The
stochastization area is larger than the ion temperature 
flattening region.
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